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Three dimensional models and groundwater quality are combined to better understand and 
conceptualise groundwater systems in complex geological settings in the Wairau Plain, 
Marlborough. Hydrochemical facies, which are characteristic of distinct evolutionary 
pathways and a common hydrologic history of groundwaters, are identified within geological 
formations to assess natural water-rock interactions, redox potential and human agricultural 




Geological formation boundaries are assessed with a 3D geological model including surface 
geology and well logs in the shallow, mostly alluvial, aquifers of the Wairau Plain 
groundwater system and adjacent basement. 
  
Multivariate statistical analytical techniques employed in this study include Principal 
Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) incorporating 
combinations of chemical and physical constituents including non-numerical parameters, and 
other variables. 
 
Results of the PCA and HCA multivariate statistical analysis, and other hydrochemical data, 
are integrated into the 3D geological model as property-attributed 3D models, where a 
property value is assigned to individual 3D model cells. This approach allows the distillation 
of multiple types of information (topography, hydrochemical, geological, hydrogeological 
and spatial) into one representation facilitating the identification and interpretation of 
anomalies or spatial patterns resulting in an improved understanding of the data. 
   
Results  
 
The 3D geological model identifies the following formations in the Wairau Plain: Holocene 
Dillons Point Formation which includes marine and estuarine sediments deposited near the 
coast associated with a palaeochannel of the Wairau River; Holocene Rapaura Formation 
deposited by the Wairau River in a terrestrial environment; Pleistocene Speargrass Formation 
including glacial outwash gravels of the Otira (last) Glaciation; and sediments older then 
Speargrass Formation “ Pleistocene Q5 and older”. Basement rocks  include Pliocene and 
Miocene sediments to the south of the Wairau Plain groundwater system with greywacke and 
Marlborough Schist to the north. 
 
Visualisation of the hydrochemical characteristics across the different regions and aquifers of 
the Wairau Plain clearly shows the influence of aquifer lithology on hydrochemistry. 
Lithology has been identified as a major control on groundwater recharge mechanisms and 
recharge rates, and lithology also affects the redox potential, as the presence of clay and 
organic sediments near the coast promote the occurrence of anoxic conditions in confined 
aquifers.  
 
Dillons Point Formation groundwaters are assigned to two hydrochemical facies: reduced 
(anoxic) groundwaters in the south marked by the absence, or low concentrations, of NO3-N 
and the measurable concentrations of redox-sensitive species such as Fe, Mn and/or NH4-N; 
and less-evolved groundwater in the west, with lower TDS and higher Ca/Na and HCO3/Cl 
ratios, suggesting that they are probably contained within unconfined gravel and/or sand 
deposits of the present day Wairau River or its palaeochannel and recharged primarily by the 
river. 
 
Rapaura Formation groundwater chemistry is typified by very low salinities and the 
dominance of Ca and HCO3 as major cation and anion because recharge to this aquifer is 
dominated by the Wairau River and most river waters also have Ca and HCO3 as the major 
cation and anion. Groundwaters assigned to this hydrochemical facies are dilute and oxidised 
showing little or no impact of anthropogenic nitrate contamination. Towards the southern part 
of the Wairau Plain, the nitrate property model and the visualisation of HCA cluster 
membership demonstrate that there is a sharp hydrochemical boundary between the Rapaura 
Formation and the Speargrass Formation.  
 
Speargrass Formation typically has relatively high concentrations of NO3-N in the south, with 
many samples exceeding 3.5 mg/L. In addition, these groundwaters have lower Ca/Na and 
HCO3/Cl ratios than groundwaters of the Rapaura Fm. to the north. The pervasive presence of 
nitrate within the Speargrass Fm. in the southern part of the Wairau Plain suggests that the 
contamination results primarily from diffuse sources (e.g. fertilisers or animal waste) and 
some localised “hotspots”, with very high nitrate concentrations, indicate the additional 
existence of point sources.  
 
Groundwater chemistry in “Pleistocene Q5 and older” and Pliocene/Miocene units, at the 
southern margin of the Wairau Plain, is similar to groundwaters in the Speargrass Formation 
in the Southern Valley. In contrast, the absence or near-detection limit concentrations of 
nitrate and detectable NH4-N, Fe and Mn indicate reducing conditions in deeper groundwaters 
within the “Pleistocene Q5 and older” and Pliocene/Miocene model units suggesting that 
these aquifers are hydraulically separated from overlying sediments. 
  
Groundwater contained within the greywacke/schist geological model unit in the northern part 
of the Wairau Plains is probably recharged from Rapaura Formation because groundwater 
chemistry in these two formations is in same hydrochemical facies.     
Conclusions 
 
The integration of 3D geological model, 3D models of nitrate distribution and multivariate 
statistical techniques has considerable advantages in comparison to the use of classical 
graphical techniques such as Piper plots. Synthesis of a large amount of geological, 
hydrogeological and water chemistry data into a single graphical representation in this study 
facilitated the identification of the underlying hydrochemical processes that control the spatial 
distribution of groundwater chemistry patterns in the Wairau Plain.  
Ideally, 3D models should be imbedded into a long-term water resource management 
strategy, where the 3D geological models are not considered as a static end-product but rather 
as part of a learning process in which the 3D geological model and the property-attributed 3D 
models are used to decide on optimum sampling locations, and where the 3D models are then 
continuously updated and improved using newly-acquired data. 
 
